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This paper examines teacher actions during a teaching experiment aimed at 
enhancing Year 2 students’ mental computational strategies. Specific teaching 
instruction was conducted by the classroom teacher while the first author acted as 
participant observer. The teacher was provided with a theoretical background for 
mental computation and support materials for the development of the instructional 
program. The lessons were designed to enable students to access a range of 
representations to build mental models in order to calculate efficiently. The results 
indicate that these elementary students are not only capable of participating in class 
discussions on computation methods; they are also able to develop a range of 
computational methods of increasing sophistication. 
INTRODUCTION 
In the past, the focus in developing computation was on learning (often by rote) and 
practising standard written computational methods (Anghileri, 2005). However, the 
focus today is on developing “mathematical thinking and communication to prepare 
them for the world of tomorrow” (Anghileri, 2005, p. 2). This has resulted in a 
change in what we value in mathematics. This change is reflected in many syllabus 
documents (e.g., NCTM, 1989; QSA, 2004). This change is new for many teachers; it 
requires a shift in their beliefs and attitudes about content and pedagogy in maths. It 
is making this change that needs to be supported. 
Strategy  Example of addition strategies for 28+35 
Counting  28, 29, 30, ... (count on by 1) 
Separation Right to left (u-1010) 
Left to right (1010) 
Cumulative sum or difference 
8+5=13, 20+30=50, 63 
20+30=50, 8+5=13, 63 
20+30=50, 50+8=58, 58+5=63 
Aggregation Right to left (u-N10) 
Left to right (N10) 
28+5=33, 33+30=63 
28+30=58, 58+5=63 
Wholistic 
 
Compensation (N10C) 
Levelling 
30+35=65, 65-2=63 
30+33=63 
Mental image of pen and paper 
algorithm 
 Child reports using the written method 
taught in class, placing numbers under 
each other, and carrying out the operation, 
right to left. 
Table 1: Mental computation strategies for addition and subtraction (based on 
Beishuizen, 1993; Cooper et al., 1996) 
Some research suggests that higher achieving students will naturally employ a range 
of mental computation strategies (Askew et al., 1997; Heirdsfield & Cooper, 2004b; 
Steinberg, 1985); while below average students will rely on counting procedures 
(Askew et al, 1997; Heirdsfield & Cooper, 2004a). See Table 1 for an explanation of 
mental computation strategies. Therefore, in a classroom situation, it is important to 
cater for all students by providing rich learning environments to enable the 
development of efficient computational strategies (Fuson, 1992).  
THEORETICAL FRAMEWORK 
The theoretical perspective adopted utilises the role of mental models in assisting 
students to construct their understanding of specific mathematical concepts. In this 
study the selection of appropriate mental models has been essential for the 
construction of various and sophisticated mental computation strategies. The 
literature argues that the model/representation chosen must (a) represent the relations 
and principles of the domain, (b) engage various modalities (e.g., kinaesthetic and 
visual), and (c) be unambiguous (English, 1997). Teacher actions that support the 
appropriate use of these models are critical to the process of student construction of 
understanding. It is argued that (a) the use of concrete materials must directly relate 
to the mathematical concept being studied, (b) recognise student potential as well as 
pre-existing constructions, and (c) engage students in active participation (Davis & 
Maher, 1997).  
THE STUDY 
This research adopted a case study design in which a teaching experiment was 
conducted (Lesh & Kelly, 2000). The researcher sought to produce an environment 
that was supportive and collegial where the teacher and researcher collaboratively 
planned the instructional program. Mental computation did not feature in the old 
mathematics syllabus; while the new syllabus (QSA, 2004), which was in draft form 
at the time of the study, requires a significant shift in beliefs and attitudes about 
teaching content and pedagogy. Therefore, the students had no previous exposure to 
mental computation. The instruction was also new to the teacher as the old syllabus 
was limited to traditional algorithms for addition and subtraction, and the draft 
syllabus did not indicate what mental computation strategies, beyond number fact 
strategies, might be appropriate for young children. 
Participants 
Twenty-one Year 2 children (average age 7 years 6 months) and their teacher 
participated in this study. They attended a school serving a predominantly middle 
class community in an outer suburb of Brisbane, Australia. 
Data Collection and Analysis 
The data collection methods used included observation where all lessons were video 
taped and field notes taken by the first author, students were individually interviewed 
prior to the instruction and they were again individually interviewed on the 
completion of the series of lessons. Individual interviews were necessary so as to 
accurately ascertain the mental computation strategy used by the student. The 
interview involved stimulus pictures and numerals being presented on card to the 
child, while the interviewer verbalised the word problem. The students did not use 
pen and paper. This paper reports on the strategies used for 3 addition and 3 
subtractions questions. These questions were a direct reflection of the teaching that 
occurred during this teaching experiment. 
Procedure 
An initial consultation with the teacher focused on the aims of the project and the 
anticipated format. At this meeting background reading was provided to familiarise 
the teacher with the philosophy and theoretical background of mental computation. 
Pre-instruction student interviews were then conducted with student base knowledge 
subsequently outlined to the teacher. This knowledge guided the development of the 
instructional program. The program of one, half hour lesson per week for eight weeks 
was then implemented. After each episode, the teacher and researcher reflected on the 
outcomes to inform the subsequent episode. The implementation phase was followed 
by post-instruction interviews. 
RESULTS AND DISCUSSION 
Student Results 
The results from the pre and post interviews indicate growing sophistication of the 
children’s mental computation strategies. In the next section, how teacher actions 
have supported this change is discussed. Table 2 details the change in strategies from 
pre to post interviews for six items: 20+30, 26+9, 36+99, 30-10, 46-20, 30-19.  
20 + 30 26 + 9  36 + 99 30 – 10 46 – 20 30 – 19 Strategy Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
Inappropriate 
/no strategy  
9 1 10 3 11 7 11 4 13 8 17 9 
Counting 5 1 10 7 7 2 2 1 4  2 3 
Separation             
  Right to Left   1 1        1 
  Left to Right 7 19  2 1  8 16 4 13 2 5 
Aggregation             
  Right to Left             
  Left to Right    1         
Wholistic             
 Compensation    6 3 11      3 
  Levelling    1  1       
Table 2: Frequency of Mental Computation Strategies used for Addition and 
Subtraction (n=21)  
Teacher Actions 
Over the course of the eight-week intervention a range of models, namely, hundred 
board, bundling sticks, number ladder, and number line (with intervals of 10 marked 
and labelled, and internals only marked), were used to support student learning. The 
models supported the pedagogy adopted by the teacher where she used three main 
approaches: (a) direct questioning where specific students were required to explain 
their computation strategy, (b) general questions where several students were 
encouraged to make a contribution to the discussion on solution methods, and (c) a 
technique that combined the questioning and modelling, allowing her to share her 
own thinking process and model that process with the representation used.  
In the first lesson the hundred board was utilised to identify the position of a 
particular number. It was then used to identify the pattern in numbers and how 
counting in tens starting at any position can be achieved. Each student had their own 
hundred board and a counter to mark the starting position. When locating a number 
on the hundred board the teacher looked for different methods to enforce the notion 
that there is no one correct way. 
Teacher: Everyone put their counter on twenty-six. Well done. How did you find twenty-
six Lachlan? 
Lachlan: I put my finger down the line. 
Teacher: So what were you looking for? 
Lachlan: The twenties and then I looked along six. 
Teacher: Did anyone find twenty-six a different way? 
Helen: Yes, I looked for six and went down to twenty-six. 
When the teacher directed her students’ attention to the patterns in the hundred board 
she again looked for multiple methods. 
Teacher: We counted on ten from nine and we got to nineteen. Let’s count on ten more. 
Where will that take us? Look for the pattern. Let’s start at nine.  
Whole Class: 19, 29 … 99. 
Teacher: What is happening with this pattern? 
Mark: They are all in the same row. (Student means column) 
Mary: They all end in nine. 
Jane: They are all counting in tens. 
Teacher: Yes, all good answers. Well done. 
The second lesson employed the same questioning techniques of lesson one as the 
students continued to familiarise themselves with the hundred board and the inherent 
patterns therein. 
Teacher: Put your marker on the number ten more than twenty-four. Mark, how did you 
find ten more than twenty-four? 
Mark: I just went straight under twenty-four. 
Teacher: Why did you go under twenty-four? 
Mark: Because that is the same as counting on ten. 
When students used language inappropriately, the teacher engaged them in a 
discussion, such as the following. 
Teacher: Jean, how many have I added if I go from six to thirty-six? 
Jean: Three 
Teacher: Jean thinks she has added on three. Who agrees? (No hands go up) What have I 
added on then if I haven’t added on three? 
Tom: Three lots of ten. 
Teacher: How else can we say that? 
Mary: Thirty. 
Teacher: Who agrees it is thirty? (Hands go up)  
The teacher went on to discuss the difference between three and three leaps of ten. 
In the second lesson the students were also introduced to adding and subtracting 9. In 
this instance the teacher demonstrated using the large hundred board and 
demonstrated her own thinking. 
Teacher: I am on ten but I only want to jump forward nine spaces. Who can think of a 
really fast way to do that? 
Bret: Go diagonally. (See below for further discussion) 
Teacher: Does anyone have another way? 
Sue: I counted in three’s. 
Teacher: You were very clever to do that Sue. Now I am going to show you my way. I 
could add on ten and that will get me to twenty but I only want to add on nine so I just go 
to the number before twenty and that is nineteen.  
The students quickly adopted this method as one child, Nick, demonstrated. 
Teacher: This time I want you to add on nineteen to seventeen. 
Nick: Thirty-six. 
Teacher: What did you do Nick? 
Nick: I went down and then down and then back one. 
Teacher: What does down and down mean? 
Nick: Adding on two tens – which is twenty. Then you go back one. 
Teacher: Bret, can you go diagonally when you add on nineteen? 
Bret: No. 
The teacher had picked up on Bret’s earlier contribution of moving diagonally on the 
hundreds board. However greater discussion on why this is not always a successful 
method was not pursued and would have been beneficial. 
The number ladder was introduced in the third lesson to reinforce counting forward 
and backward in 10s; and as an intermediate step to using a number line. A number 
ladder was drawn on the board and students engaged in several counting games 
where they rolled a die which resulted in either 10, 20 or 30 indicating the counting 
on or back by that amount.  
The second model used in this lesson and the next was bundling sticks. The students 
were to make a number using bundles of 10 for example, 60. Discussion ensued 
about the different combination of 10 that could be used. Some students held 5 lots of 
ten in one hand and one in another, some held 3 lots of ten in one hand and 3 in 
another, and so forth. In the following lesson the students used bundling sticks to 
count on or count back in 10s by physically moving the bundles of ten across the 
desk. However, many of the children saw little connection between the bundling 
sticks and counting in 10s. Bundling sticks were abandoned after this lesson.  
In lesson four the number line with graduations of ten was introduced to develop 
further counting in tens. To familiarise the students with the number line, the teacher 
engaged them in a discussion on what numbers could be on the number line if 
counting in tens. 
Teacher: What numbers would I find on my number line? 
Jim: Ten. 
Bret: Thirty. 
Mary: Twenty. 
Teacher: So if I were counting in tens what number would be here? (Pointing at a 
position on the number line drawn on the board.) 
Luke: Fifty. 
Teacher: Yes.  
The students then used their own number lines and drew in leaps of 10, 20 or 30 
forwards or backwards on the number line. The use of the number line was revised in 
lessons 5 and 6 to include the graduated number line so that all whole numbers 
between the tens could be identified. During these lessons the teacher again 
orientated her students to the graduated number line by asking direct questions. 
Teacher: Between which two, tens would I find thirty-four? 
Helen: Thirty and forty. 
Teacher: OK, how do we then find thirty-four, Lily? 
Lily: Go to thirty and just count on four. 
Teacher: How would you find sixty-eight?  
Lily: I would go between sixty and seventy and count on eight. 
Teacher: Look at the number board. Is sixty-eight closer to sixty or seventy? 
Lily: Seventy. 
Teacher: So how do we get to sixty-eight? 
Tom: Count back two. 
Teacher: Each time I want you to think about which ten the number is closer to. For 
example; is it closer to seventy or eighty if the number is seventy-three? 
Bob: Seventy.  
The technical aspects of using the number line to locate any number were 
concentrated on during the final two lessons of the series. The location of a number 
on the number line resulted in a discussion on who agrees with the result and why. 
This explanation was an essential part of the discussion. Students had become willing 
to contribute realising that there were many ways of describing how an answer was 
achieved, for instance, by talking about the hundred board or taking leaps on a 
number line. Similar discussions to earlier lessons continued. Students again counted 
on and back in 10s, 20s and 30s starting from any number identified by the teacher.  
CONCLUSIONS  
From this study, it was evident that young children are able to engage in 
mathematical discussions where different solution methods are acceptable and the 
community of learners co-constructs understanding of mental computation. This is a 
critical finding as an ability to engage in such discussions lays the foundation for 
these children to think and work mathematically. 
In this study, the children’s mental computation strategies developed from less 
sophisticated to more sophisticated methods as indicated in Table 2. The literature 
(e.g., Askew et al., 1997; Murphy, 2004) argues that assisting the average to below 
average children to make connections with the mathematics they know will lead them 
to a greater depth of understanding resulting in a wider repertoire of solution 
methods. This study supports this finding. We agree with Goos et al. (1999) that by 
giving students access to the discussions of the above average students allows them 
to participate in a community of practice where they have ‘reflective inner dialogue’ 
(p. 59) where the results of this dialogue can be seen in the change in strategy used. 
Students were introduced to a variety of models to assist them in developing efficient 
mental computation strategies. The ability to map between these models is of 
significant pedagogical consequence and a very effective teacher action as the use of 
one representation might support other representations aiding the construction of 
understanding.  
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